Aim Mandatory splenic flexure mobilization (SFM) has been debated for rectal cancers. Proponents argue that additional mobilization facilitates a tension-free anastomosis; however, this must be weighed against heightened morbidity. Little is known about the impact of specific techniques on pathology quality metrics. We aim to determine the impact of SFM on pathology quality metrics for patients undergoing rectal resections for colorectal adenocarcinoma.
Introduction
Mandatory splenic flexure mobilization (SFM) has been conventionally used to ensure a tension-free anastomosis and therefore avoid perioperative complications [1] . Much of the debate on the specifics of surgical technique has focused on the anastomosis itself and related complications. Traditionally, mobilization was required to achieve an adequate length for anastomosis, in part due to guidelines mandating aggressive resections with wide margins. These practice guidelines had previously been inferred from outcomes data from more proximal colon cancers which define adequate resection as having 5 cm margins. The outcomes in low anterior resection (LAR), where resection continues below the peritoneal reflection, are of particular interest. Cancer operations in this area are more likely to be affected by newer guidelines which allow for shorter resection margins. For low rectal cancers, conventions regarding necessary margins have been challenged with regard to distal colon and rectal cancers. Prior studies have demonstrated that distal margins as small as 1 cm can produce equivalent long-term outcomes in lower rectal cancers [2] . This is attributed primarily to the low rate of intraluminal spread of colon and rectal cancer and the standard practice of harvesting all draining nodes by performing a total mesorectal excision (TME). The result is the potential for a shorter resection specimen which may obviate the need for additional mobilization to safely create an anastomosis.
It is well understood that additional surgical mobilization can predispose patients to morbidity. SFM has been associated with increased operative times, increased rates of superficial surgical site infection and splenic injury [3, 4] . Given these facts, the need for SFM in distal colon and rectal surgery has become a highly debated topic, with some authors advocating against its routine use [1, 5] . However, the effects of not performing SFM on oncological outcomes and surgical quality metrics have not been fully investigated. Differences in pathological margins have been previously reported in proximal rectal resections during high anterior resection (HAR) based on whether SFM was performed [6] . Furthermore, a node yield of greater than 12 has been associated with patient survival and has become a defined quality metric for adequacy of staging [7] [8] [9] . Previous studies have shown rates of inadequate staging as high as 52%; however, more recent series have provided rates of 17% [10] [11] [12] . While evidence suggests that surgical technique can affect node yield this has not been specifically evaluated in SFM [13] .
Recently, the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP) database has introduced supplementary files which target specific procedures. This allows investigators a new means by which to approach the NSQIP data and allows for conclusions to be drawn that are of more specific interest to surgical subspecialities. In 2012, the NSQIP introduced a targeted colectomy file which includes details of interest specific to colon and rectal surgery that were not reported in the original files. These data capture details on malignancy, node yield, margin positivity, inflammatory bowel disease and anastomotic leaks, among others. Among smaller series and at the database level, the majority of investigation for SFM has been on anastomotic complications, resulting in a wealth of data on this topic. Therefore, we aim instead to assess the specific impact of SFM on quality metrics of surgical pathology.
Method Study design and patient selection
The present study is a retrospective chart review of all University of Kansas Medical Center patients with a diagnosis of rectal adenocarcinoma who underwent Patients were excluded if they underwent surgery for benign disease or noncolon or rectal adenocarcinoma. As the partial colectomy CPT code does not specify the limits of resection, patients who underwent right colectomy or any procedure for which SFM is not optional (total colectomy, left colectomy) or in whom a colostomy or end ileostomy was fashioned were excluded. Protecting loop ileostomies were not excluded. All included patients underwent appropriate preoperative workup and treatment, including neoadjuvant chemoradiation according to the current practice guidelines. Patients with CPT codes corresponding to sigmoidectomy were classified as LAR if their surgery included a rectal resection which extended below the peritoneal reflection. Those with rectal resection with limits of resection above the peritoneal reflection were classified as HAR. The study group was defined as those who underwent LAR or HAR with mobilization of the splenic flexure; those who did not undergo mobilization were used as controls.
Additionally, the NSQIP participant use files and the targeted colectomy files from 2012 to 2015 were queried for primary CPT codes for LAR as listed above. This date range was chosen for the availability of the targeted colectomy files. HAR is not associated with a discrete CPT code and was therefore not included in the database portion of this study. Search results were then grouped according to associated additional or concurrent CPT codes for SFM, resulting in analogous study groups to the chart review.
Data collection
Patient charts were reviewed to collect basic demographic data including age, sex, height and weight as recorded at the time of operation. Pathology reports were then reviewed prior to review of the operative reports to ensure eligibility and reduce bias by blinding reviewers to the operation until all patient data were recorded. After collection of all other data, the operative reports were reviewed to record whether SFM was performed. Patients were determined to have undergone SFM if it was indicated in the text of the operative report, if their chart was associated with an SFM CPT code, or both. The final pathology reports were then used to collect measurements of distal, proximal and radial margins. The lowest longitudinal margin (LLM), either proximal or distal, was used in this analysis. This margin was used due to the inclusion of sigmoid tumours, whereas the distal margin is not necessarily the closest surgical margin, thus creating a single value corresponding to the margin of oncological significance. The number of lymph nodes, number of positive nodes, final TNM stage, grade and the presence of treatment effect were also collected. The presence of treatment effect was recorded for each patient as indicated in the final operative pathology. This was included as reported in the pathology report without consideration of the patient's neoadjuvant treatment. Patients were excluded if any of the pertinent data were not available at the time of review.
The ACS NSQIP database was searched using the dedicated colectomy data set. The query included the same CPT codes and patient groups were established to mirror the chart review. Patient data and outcomes available through the database were collected and tabulated. Data on node yield were collected. However, because the database records only margin positivity and not margin lengths, positivity was substituted for the national-level analysis.
Statistical analysis
A descriptive analysis was conducted to obtain mean and standard deviation for continuous variables and frequencies and proportions for categorical variables. Patients with missing data were excluded from the analysis.
Subgroups were defined by the surgery performed, as LAR with or without SFM and HAR with or without SFM. A two-tailed t-test analysis was computed to determine group differences on radial margin and lowest longitudinal margin. The significance values for demographics and node yield were calculated by t-test and ANOVA. Node yield was treated as a dichotomous variable defined as 'low' for fewer than 12 nodes or 'adequate' for 12 or more nodes. Thresholds were set based on current guidelines for adequate operative staging, and significance was determined by the chi-square test. A secondary analysis was performed to assess the impact of patient and disease factors which might alter the surgical plan or impact pathological yield by increasing the technical difficulty of resection. The data were re-analysed according to patient body mass index (BMI) ≥ 30 kg/m 2 , the presence of treatment effect on surgical pathology and the presence of locally advanced T stage (pT3 and pT4). Statistical tests for this portion included the two-tailed t-test and chi-square test to determine difference between groups. Statistical analyses were computed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). The Pvalues were based on two-tailed tests; values less than or equal to 0.05 were denoted as significant. The population data collected via the national database were compared using the t-test and chi-square test. The analysis was repeated for node yield and margin positivity for the NSQIP LAR groups. Because NSQIP only provides data on positive or negative margins and does not provide margin length, this analysis was carried out with margins treated as a dichotomous variable and compared using chi-square.
Results
The initial EMR query returned 1039 unique patient records. After exclusions, there were 146 charts which met the criteria for review (Fig. 1) . Most patients underwent LAR, and 46.6% of patients had SFM performed during their operation. Measurements of margins were highly variable, with ranges from 0.0 (positive margin) to 20.3 cm (distal) and 31.0 cm (proximal). Among the LAR group, the longest distal margin was 8.5 cm. The lowest longitudinal margin, either proximal or distal, was used as the primary variable for analysis and was associated with a mean of 3.0 cm (IQR 2.0-4.5 cm; Table 1) .
When analysed by subgroup, the treatment groups were similar ( Table 2 ). The group which underwent HAR without SFM had a higher BMI than other groups. Patients who underwent SFM had wider LLM on final pathology (mean for LAR 3.52 vs 2.51 cm; mean for HAR 5.37 vs 3.77 cm; P < 0.01). This change was isolated to the distal margin for both LAR and HAR populations (LAR 4.23 vs 2.56 cm, P < 0.01; HAR 8.24 vs 4.82 cm, P = 0.01). The decision to perform SFM had no impact on the proximal margin (LAR 12.90 vs 12.74 cm, P = 0.90; HAR 7.31 vs 7.66 cm, P = 0.81). Additionally, the LAR without SFM group was more likely to have inadequate nodal staging compared with LAR with SFM (P = 0.008). Performing SFM did not affect radial margins. The incidence of incomplete or violated TME was similar between groups (P = 0.81). SFM had no significant impact on the rate of anastomotic leakage. Among those patients with anastomotic leakage, nine were treated with percutaneous drainage, one required reoperation for management of sepsis and four received a diverting loop ileostomy (DLI). All patients who received DLI for management of leakage occurred early in the series because the practice at this institution has changed to include routine placement of DLI for LAR. There was also no significant difference in long-term mortality rates in patients who underwent SFM compared with those who did not (16.7 vs 21.1%, P = 0.77). The follow-up interval for this study varied between 1 and 8 years.
Additional analyses focused on the impact that BMI, treatment effect and T stage had on outcomes. Patient obesity did not affect pathology margins or node yield. Obesity also had no impact on whether SFM was performed. The presence of treatment effect was associated with a closer lowest longitudinal margin (2.77 vs 3.66 cm, P = 0.01). Treatment effect was not associated with any difference in node yield. Finally, patients with locally advanced disease (pT3 and pT4) were found to have closer radial margins, but there was no impact observed on longitudinal margins or node yield. Tumour stage at resection did not affect whether SFM was performed (Table 3) .
The NSQIP query returned 7369 patients who had undergone LAR, of whom 41.8% underwent SFM. Inadequate lymph node yield was significantly less frequent with SFM vs non-SFM (29.87 vs 34.50%, P < 0.01) patients. There were no significant differences in rates of positive margins between SFM and non-SFM groups (7.30 vs 8.27%, P = 0.54). Similar to the findings in the chart review, patient BMI and the presence of locally advanced disease did not influence whether SFM was performed (P = 0.79 and P = 0.13, respectively). The rate of anastomotic leakage was similar between groups (SFM 4.59% vs non-SFM 4.10%, P = 0.32). The 30-day mortality rates were also similar (0.84 vs 0.86%, P = 0.93; Table 4 ). Values represent the median unless otherwise noted. Details on the operation include the total proportions of low anterior resections (LAR), laparoscopic cases and splenic flexure mobilizations (SFM). The interquartile range (IQR) was used to demonstrate value ranges. The lowest longitudinal margin is the closest margin to the tumour between the proximal and distal margins. Pathology data include the number of nodes collected, the number of positive nodes, the proportion of patients with locally advanced disease (T3/T4 tumours) and the proportion of final pathology demonstrating treatment effect.
Discussion
The study was limited by its retrospective design and inclusion of patient data from a single institution. Despite this, the lack of randomization did not result in significant heterogeneity across study groups. BMI was the only variable that was not similar across groups; however, BMI was not independently associated with any differences in outcomes. The findings of singleinstitution chart reviews may also be skewed by the surgical technique of a relative small number of surgeons. This was addressed in part by the NSQIP component of the study. However, database searches can be limited by coding errors and incomplete data. The retrospective design of both components of our study means that no direct cause and effect relationships can be established. However, repeating the finding on the national stage within the NSQIP data suggests a real effect on node yield either directly or indirectly related to operative technique. Because positive margins are rare, the use of margin positivity within NSQIP does not directly translate to the finding of closer distal margins on the chart review.
To our knowledge, the present study is among the largest to address the impact of SFM on pathological outcomes in LAR. It is unique compared to similar studies in that we included a focus on LAR and colorectal surgery quality metrics. We demonstrated a significant Patients from the chart review are grouped by the level of the rectal resection and whether it was performed with (w/) or without (w/o) splenic flexure mobilization. Data on node yield, total mesorectal excision (TME) quality and mortality are reported here as incidences within each subgroup. The lowest longitudinal margin (LLM) is defined as the margin closest to the tumour longitudinally along the resection specimen, regardless of proximal or distal location. Neoadjuvant, the number of patients per group who underwent neoadjuvant chemoradiation; LAR, low anterior resection; HAR, high anterior resection; SFM, splenic flexure mobilization.
impact of SFM on node yield as well as distal margin length. This suggests that failure to mobilize the splenic flexure may predispose patients to being understaged at their resection. The exact mechanism of these findings is unclear. There may be differences in technique between surgeons who selectively mobilize versus routinely mobilize the splenic flexure. One concern is that resection length is compromised to facilitate a tension-free anastomosis when SFM is not performed. Our findings within the chart review support this theory, as SFM was This NSQIP query was designed to mirror the chart review to the extent possible due to database restrictions. The proportion of patients from the NSQIP query with fewer than 12 nodes (Low nodes), positive margins (Positive margins), anastomotic leaks (Leak) are tabulated. BMI and the proportion of locally advanced disease (T3/T4) are included for comparative purposes. Information on radial margins and treatment effect is not available within NSQIP. Comparisons were made by z-test for proportions. Potential confounding variables were analyzed to determine if these influenced pathological results or, where applicable, the intraoperative decision to perform splenic flexure mobilization (SFM). Individual values represent the mean of the measurement unless otherwise specified. Comparisons were made by t-test for the purposes of exploring potentially confounding variables. Where applicable, the magnitude of the 95% confidence interval is provided based on the Student's t distribution. The lowest longitudinal margin (LLM) is defined as either the proximal or distal margin closest to the tumour on final pathology. The incidence of low nodes is defined as fewer than 12.
associated with a longer distal margin. Additionally, it may be possible that surgeons who routinely mobilize the splenic flexure are more likely to perform a high ligation at the origin of the inferior mesenteric artery as opposed to the origin of the superior haemorrhoidal artery. However, details on the level of vascular ligation are not collected within NSQIP. The rate of inadequate staging in our series was similar to previous publications in the non-SFM group. However, the SFM group had an inadequate staging rate which was substantially lower than in prior reports. Similarly, inadequate staging rates within NSQIP were higher than in our LAR series. Without a direct analysis of SFM vs non-SFM in prior reports it is difficult to interpret these findings and this may limit the generalizability of the specific rates, but should not have a negative impact on the interpretation of the relative differences seen between groups. Additionally, NSQIP does not track whether the final pathology was reported by a trained gastrointestinal pathologist or if second looks were common when node yield was inadequate. Additional work is necessary to delineate the relationship between surgical technique, pathology metrics and high-level patient outcomes. While perioperative outcomes have been investigated with SFM, determination of whether SFM should be mandatory will ultimately rest on whether potential survival advantages outweigh previously described morbidity.
Conclusions
Routine performance of SFM may improve adherence to pathological quality metrics for patients undergoing anterior resection for rectal adenocarcinoma. Within our cohort, failure to perform SFM was specifically associated with a shortening of the distal margin. Additionally, SFM decreases the rate of inadequate nodal staging. Because the margin difference is isolated to the distal end of the specimen, the nodes in question are likely to be those near the tumour and not extraneous nodes from uninvolved proximal sigmoid colon. It is unclear if the association between SFM and node yield or margins is causative. More work is necessary to determine the mechanisms underlying this finding.
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